Introduction
(6R)-5,6,7,8-Tetrahydro-L-biopterin(R-THBP) is widely known as a cofactor for aromatic amino acid monooxygenases. Recently, it has been shown that R-THBP is produced in a large amount in macrophages treated with endotoxins or cytokines and acts as a cofactor for nitric oxide (NO) synthase. Not only in macrophages but also in brain, NO is produced from L-arginine; the reaction is catalyzed by NO synthase. NO activates soluble guanylate cyclase (sGC) and many of the messages of NO effects are mediated by cyclic GMR In macrophages activated by endotoxins and cytokines, NO synthase activity is regulated by R-THBP, but not by Ca 2+ and calmodulin (Ca 2+ / CaM), whereas in brain the enzyme requires Ca 2+ / CaM, but not R-THBP for its activation (1, 2) . To date, the issue of requirement of R-THBP for NOS activity in the brain has not been elucidated.
In the present study, we have found that R-THBP activates sGC in rat cerebellar cytosol under the NOgenerating conditions and we discuss the mechanism of R-THBP-induced sGC activation.
Methods

Preparation of crude cytosol and desalted cytosol fraction
Male Wistar rats (7-week old) were sacrificed by cervical dislocation and the cerebellum was rapidly removed and cooled in ice-cold phosphate buffered saline (pH 7.4). The tissue was washed to remove contaminating erythrocytes in the same buffer followed by homogenization in buffer A (50 mM HEPES/ NaOH (pH 7.5)). The homogenate was centrifuged (1000 χ g, 10 min); the supernatant obtained was centrifuged (100 000 χ g, 60 min) to obtain a crude cytosol fraction. To prepare desalted cytosol fraction, the crude cytosol fraction was passed through Sephadex G-25 column equilibrated with buffer A, and pass-through fraction was collected.
Guanylate cyclase assay
The enzyme activity was determined by the formation of cyclic GMP from GTP using sensitive radioimmunoassay kit. The reaction mixture used for assay of basal guanylate cyclase activity contained 50 mM Tris/HCl (pH 7.5), 10 mM MgCl 2 , 1 mM GTP, 100 μΜ 1-methyl 3-isobutylxanthine, 15 units/ml creatine Phosphokinase and 10 mM phosphocreatine. Reaction was started by the addition of enzyme homogenates to the reaction mixture. Incubation was carried out for 10 min at 37 °C and stopped by the addition of hydrochloride (final concentration = 0.2 M).
Results and Discussion
We have studied whether R-THBP has only roles in NO-induced sGC activation in the rat cerebellum. We found that both arginine (Arg) and NADPH were essential for the activation of sGC in the desalted but not in the non-desalted fraction. In addition, we also confirmed that Arg level in the desalted fraction was about one seventh that in the non-desalted fraction by amino acid analysis using high-performance liquid chromatography. These results suggest that in the desalted fraction there may be some loss of lowmolecular weight factor(s) such as Arg which is necessary for NO synthesis or sGC activation, because addition of Arg and NADPH to the desalted fraction raised sGC activity toward the level attained in the non-desalted fraction in the presence of Ca 2+ /CaM. R-THBP activated sGC only when Ca 2+ /CaM was present in the reaction mixture. These findings strongly suggest that R-THBP may activate NO synthase to produce NO or alternatively enhance the effect of already generated NO. Sodium nitroprusside (SNP) activated sGC in the desalted fraction containing a minute amount of Arg, and R-THBP (1 μΜ) enhanced the sGC activation by SNP The activation went up to 15-fold at 100 μΜ of SNP. Therefore, it is suggested that R-THBP may enhance the NO action though it is not clear whether R-THBP activates NO synthase directly.
As R-THBP seemed to be oxidized easily, we studied the effect of dithiothreitol (DTT), which is reducing agent carrying a thiol group, on R-THBP action. As shown in Figure 1 , DTT had no effect on sGC acti- vation by SNP, while R-THBP enhanced the SNPinduced sGC activation, and co-existence of R-THBP and DTT strongly enhanced it. These results show that DTT may prevent R-THBP's oxidation. The present data altogether suggest that a part of R-THBP's effects on sGC in the rat cerebellum is due to the stabilization of NO.
Recently, Schmidt et al. (3) purified GC-activating factor (GAF) synthase from the rat cerebellum. GAF synthase is activated in the prcscncc of Ca 2+ /CaM and catalyzes the synthesis of a labile NO-like species. They suggested the enzyme to be distinct from NOS, but its biochemical character to be close to NOS reported by Bredt et al. (1) . In addition, during the course of purification of NOS from the porcine cerebellum, Mayer et al. (4) observed that NOS required R-THBP as a cofactor and they showed NO synthase to tightly bind R-THBP. On the other hand, Bredt et al. (1) and Knowles et al. (2) reported that brain NO synthase was regulated by Ca 2+ /CaM but not by R-THBP. Giovanelli et al. (5) has reported that R-THBP is not a stoichiometric component of NOS activity in the rat cerebellum and the R-THBP prevents progressive loss of NOS activity. According to Mayer's report (4), the effect of exogenous R-THBP on NO synthase can be detected only after purification of NO synthase which scarcely binds R-THBP.
From the present study, it is strongly suggested that the stimulatory action of R-THBP and also of R-THBP in combination with DTT on sGC activity in the rat cerebellum may be dependent on NO production, though whether R-THBP directly activates NOS is not clear.
